Pure cultures of a gram-negative, rod-shaped bacterium, which produced endospores after 3 to 5 days on solid medium, were isolated exclusively from tissue cultures of the date palm Phoenix dactylifera L. Electron microscopic examination of thin sections of the bacteria revealed the bilayer membrane typical of gramnegative bacteria and confirmed the nature of the spores as true endospores. Biochemical and physiological tests indicated that the bacteria were Bacillus circulans. B. circulans was consistently isolated from the internal tissues, including the meristem, of apparently healthy offshoots of date palm. When meristem and embryo callus tissue culture samples were injected with B. circulans isolated from similar tissue culture samples and from offshoots, the majority of the isolates produced a rapid, destructive soft rot of the tissues.
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In vitro tissue culture propagation of the date palm (Phoenix dactylifera L.) is the most promising method for the large-scale clonal production of this economically important plant species. The source of the tissue cultures is most commonly the meristem tissue of the offshoots (Proceedings of the First Symposium on the Date Palm, 1983).
Unfortunately, one persistent cultural problem associated with date palm tissue culture is the occurrence of what is presumed to be accidental contamination (17) . In the autumn of 1981, one of the authors of this report (B.T.) brought palm embryo callus cultures to our laboratory seeking help in identifying and eliminating a persistent bacterial contaminant which occurred in 20 to 50% of the cultures, even following various surface sterilizations. The contamination never appeared in the initial cultures, but after the third or fourth transfer the tissues frequently turned brown and then slimy, resulting in the death of the cultured plantlets. There are reports of the association of bacteria with healthy plant fruits (7), seeds (14) , seedlings (9) , and ovules (12) . Once we positively identified the bacterium, we investigated the possibility that it was a pathogen which was associated with the healthy palm offshoot tissues from which the tissue cultures were derived.
We report here the identification of the sole contaminant of the tissue culture samples as a pathogenic form ofBacillus circulans and also the isolation of this same bacterium almost exclusively from meristem and bud tissue of healthy offshoots.
MATERIALS AND METHODS
Isolation, identification, and characterization of the bacterial contaminant from tissue culture samples. The methods used for the characterization of the five bacterial isolates chosen for study have been described in detail previously (2, 3, 5, 6, 10, 11, 18) . The basal medium complete agar (CA) has been described previously (8) . The medium used to detect nitrate reduction was that of Gordon et al. (6) . The method of Blenden and Goldberg (1) was used to detect flagella. * Corresponding author.
For electron microscopic examination of thin sections of the bacterium, cells from a 5-day-old culture were scraped from the surface of a CA plate and suspended in 1 ml of physiological saline. The cell suspension was pelleted in a benchtop centrifuge, and the pellet was fixed in 2.5% glutaraldehyde in 0.1 M phosphate buffer (pH 7.2). The pellet was rinsed several times in the same buffer and then embedded in 2% agar. The pellet was postfixed in 1% osmium tetroxide in 0.1 M phosphate buffer, followed by several rinses in the same buffer, and then it was dehydrated in an acetone series and embedded in epoxy resin (16) . The block containing the fixed pellet was then trimmed and sectioned with a glass knife on a ultramicrotome (Porter-Blum MT-2B; Ivan Sorvall, Inc., Norwalk, Conn.). Ultrathin sections (600 to 800 ,um) were collected on 150-mesh Formvar-coated copper grids and poststained for 15 min with 1% aqueous uranyl acetate (19) and for 5 min with lead citrate (13) . The poststained ultrathin sections were then viewed on a transmission electron microscope (H-600; Hitachi) operating at 75 kV.
Whole cells were viewed with the electron microscope by placing a drop of the pellet on the surface of a 100-meshthick bar, Formvar-coated, and carbon-coated copper grid. The cells were allowed to dry and were then unidirectionally shadow cast with 13 mm of a 0.020-mils wire of 80% platinum and 20% palladium coiled around a 0.025-mils tungsten filament wire oriented at a 1 to 30 slope to the specimen in a high-vacuum evaporator (306; Edwards). The grids were viewed under the same conditions as described above.
The sensitivity of the five isolates to various antibiotics was tested by spreading a suspension of cells on CA-0.5% glucose plates at a cell density sufficient to form a confluent lawn. After the plate surface was dry, paper disks impregnated with the antibiotics were placed on the agar, and the plates were incubated for 4 days at 250C. Sensitivity to the antibiotics was determined by a zone of no growth around the disks. other disease symptoms, were dissected to reveal the internal bud and meristem tissue. The soft tissue was removed in pieces, surface sterilized in 10% NaHClO-, rinsed in sterile water, placed in sterile water in the wells of color reaction spot plates (Coors), ground with a glass rod, and allowed to stand for 30 min. Samples of the water were streaked onto CA plates and incubated at 25°C for 96 h.
The bacterial colonies that appeared were examined by phase-contrast microscopy, stained with the Gram stain, and characterized by biochemical tests.
Test for pathogenicity. Five B. circulans isolates from date palm tissue culture samples and five isolates obtained from healthy date palm offshoots were grown for 3 days in CB-glucose, pelleted, washed with physiological saline, pelleted, and suspended to a concentration of approximately 106 cells per ml in sterile H20. A total of 0.1 ml of each cell suspension was injected into each of five healthy uncontaminated date palm callus cultures.
The inoculated samples were maintained at room temperature, put on an 18-h light and 6-h dark cycle, and observed daily for 21 to 30 days.
RESULTS AND DISCUSSION
In every case the sole organism isolated from the date palm tissue cultures used was a bacterium which formed small, flat, white, and entire colonies on CA plates after 72 h of incubation at 25°C. The bacteria were invariably gramnegative rods that measured approximately 0.5 ,um in width and 2.0 ,um in length. In cultures that were more than 96-h old and in the original material from the tissue cultures, endospores within the bacterial cells were observed (Fig.  1A) .
The bacteria sporulated readily on solid medium after 3 to 5 days, but none of the isolates produced spores in liquid culture. Spores collected from the surface of agar cultures germinated to form vegetative cells 4 to 5 days after they were transferred to fresh solid or liquid medium.
The electron micrographs also revealed the bilayer membrane of the typical gram-negative bacterium (Fig. 1B) (15) . These observations confirm the results of the Gram stain tests and unequivocally indicate that the organism is a gram-negative, rod-shaped bacterium. At this point in our studies, we isolated exclusively a bacterium which fit no description in the available source references on the identification of bacteria, and we could not select a type strain of a particular genus and species to compare with the isolates that we obtained. Therefore, we decided that the best means of identification was to employ the keys to bacterial genera.
The bacteria were motile with peritrichous flagella that were at least twice the length of the cell. The results of the biochemical tests used to characterize the bacterium are summarized in Table 1 .
The phenotypic characteristics indicated that the isolates from the date palm tissue cultures must belong to the genus Bacillus because (i) they were rod shaped; (ii) they formed endospores which survived at 80°C for 30 min; (iii) they were facultatively anaerobic; and (iv) they formed endospores in the presence of oxygen (20) . The isolates belong to the Wolf-Barker group II of the genus Bacillus because the endospores were oval in shape and the sporangia were distinctly swollen.
The following properties of the isolates allowed us to identify them as B. circulans (20) : (i) no growth at 60 or 65°C; (ii) the endospores were not laterally displaced in the sporangium; (iii) growth on nutrient agar; (iv) all the isolates were markedly amylolytic; (v) no growth in 10% NaCl; growth was obtained in 2% NaCl but not in 5% NaCi; (vi) the Voges-Proskauer reaction was negative; (vii) they did not produce indole; (viii) arabinose and xylose were fermented.
The assignment of these bacteria to B. circulans was supported by the keys to the genus Bacillus described by Gordon et al. (6) and de Barjac and Bonnefoi (3). Bacillus polymyxa was eliminated by the failure to produce gas from the following carbohydrates: glucose, arabinose, fructose, galactose, lactose, maltose, rhamnose, ribose, sorbitol, sorbose, sucrose, and xylose.
The negative Gram stain reaction and the presence of a multilayered cell wall has been reported previously in small, motile, spore-forming bacilli, including B. circulans (4).
Other miscellaneous characteristics of the date palm isolates which confirmed their identification as B. circulans were production of urease, hydrolysis of esculin, production of gelatinase, negative oxidase reaction, and failure to produce gas from sodium nitrate (1).
Three of the five strains isolated from tissue cultures were negative in the Voges-Proskauer reaction, which is the reported response for B. circulans (20) . Two isolates, however, gave a weak positive response which was reproducible.
The B. circulans isolates from the date palm tissue cultures were sensitive to tetracycline (30 jxg/ml), streptomycin (10 pg/ml), neomycin (20 ,ug/ml), and chloramphenicol (30 ,g/ml). The use of one or more of these antibiotics in the tissue culture medium controlled the destruction of the cultures by B. circulans. B. circulans was isolated from the following portions of the excised healthy palm offshoot: heart tissue, vegetative bud meristem, shoot primordia, young branch bract, and mature frond. The bacterial colonies that were recovered in abundance appeared to be identical macroscopically to those of B. circulans, were gram negative, and produced endospores within 72 to 96 h on solid medium. The results of (6) . c -, Consistent differences with B. circulans, as described previously (20) .
d Reactions differ; they were positive for 11 to 89o of strains (20) . 
